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1. INTRODUCTION 


1.1 DESCRIPTION 


The TMS 2100/2300 and TMS 2170/2370 microcomputers are new enhanced members of the TMS 1000 family. 
Through greater on-chip integration of system functions, the TMS 2100 series provides more efficient and cost- 
effective solutions to a variety of controller applications (see Table 1). 


TABLE 1 — TMS 2100 MICROCOMPUTER SERIES FEATUREST 


FEATURES TMS 2100 TMS 2300 TMS 2170 | TMS 2370 


Maximum-Rated Voltage (O, R, K, a 
J, INT, and ECI) = tS 8 —35 V —35 V 


[PackagePin count ———S—SS—«d SSCs SSCs? Pins~—SSCi«;CSSSC ins == Pn 
erwin IRE ate asta eS 

Output Latches 
TKvandRinpats OT 
ies. 7 | + yy. 2 | 
P Event Cour NO 


Interval Timer Yes 


Instruction Read Only Memory 2048 X 8 Bits (16,384 Bits) 
Data Random Access Memory 128 X 4 Bits (512 Bits) 


“QO” Parallel Latched Data 
Outputs 


Working Registers ‘3 (4 Bits each) 


Programmable O Output 
Yes (32 AND terms) 
Decoder 


On-Chip Oscillator Yes 


Power Supply/Typical Dissipation ~9 V/90 mw 
Development Svstem AMPL1000 2100 


System Evaluator Device with 
SE-2100 (TMS 1096 JLL) 
External Instruction Memory 
Subroutine Levels 


8-Bit A/D Converter Yes | 


Hardware Interrupt (1 level) or 
Zero Cross Detector Yes (Mask Option) 
Frequency Divider to K8 Yes (Optional — Pass, 1/2, 1/10 and 1/20) 


1.2 DESIGN SUPPORT 


TI! provides design support for the entire TMS 1000 family 


& System evaluators with an external EPROM* 


* AMPL development systems for program development 
* Field application specialists nationwide for local assistance 
2 Regional Technology Centers 


A staff of experienced application programmers is available at Texas Instruments to assist customers in evaluating 
applications, in training designers to program the TMS 1000 series, and in simulating programs. TI will also contract 
to write programs to customer's specifications. (See Figure 1.) 


TSee Appendix A for TMS 2400 Series 


See Appendix B for evaluator data. 
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CUSTOMER DESIGN SIMULATED AND FINAL OBJECT CODE ASSEMBLED 


RELEASE FORM 


: abe name TMS 1000 SERIES MICROCOMPUTER 
ice Type @ OBJECT FILE 


© Address, Tei. No. ©@ OBJECT FILE LISTING 


© Spec. 1/O Req. . 
© Prototypes Req. JOB DESCRIPTION RELEASE FORM 


© Etc. 


peliieinie SLIT A TTT 


~~ CUSTOMER DESIGN / PROGRAM COMPLETED 


meeamameeam eae GE SE aS ee aE SES SET ea Se ee ee eee weanmreamweanm ea «= a= a= a= = 


@ OBJECT FILE CHECKED FOR SYNTAX 
@ OBJECT FILE RELOADED, AND LISTING TRANSMITTED 
BACK TO CUSTOMER FOR DATA VERIFICATION 
@ PROTOTYPE LOT SPECIFICATIONS ESTABLISHED 


CUSTOMER 
OBJECT FILE 


PRODUCTION SYSTEM 


oa ees aww ae eee eee eee ae ee ee ee ees og 


@ VERIFICATION PLOTS 
® TOOLING (MASK) GENERATION 
SYSTEM 


PRODUCT PROGRAMMING 
MASK LEVEL 


NO (STANDARD) ! 


SPECIAL 
ELECTRICAL 
TESTS 


JOB RECEIVED AND 
INITIATED AT TI 


ae SES 


PARAMETRIC 


j 
| 
i 
} 
| 
| 
| 
| TMSATG (AUTOMATIC TEST EXCEPTIONS ac 
GENERATION SYSTEM) ' 
DEVICE 
1 ecdaaia ene | | | enero 
| GENERATE TEST INSTRUCTIONS PARAMETERS | 
TEST STRATEGY FOR TEST SIMULATION ; 
! MACROFILE | | 
| i i Qc. 
= 
TMSATG SIMULATOR | i 
PROGRAM | i 
i PROCESS MOS 
: PROTOTYPE SLICES 
SUMMARY i 
TEST ' r 
REPORT | ac. 
ATG POST | 
FUNCTIONAL 
1 TEST DATA PROCESSOR i] 
| 
. ATG SYSTEMS | 
QA.c. 
SCRIBE SLICES/MOUNT BARS 
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FIGURE 1 — MICROCOMPUTER DESIGN RELEASE TO PRODUCTION 
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2.2 


2.3 


DEVICE HARDWARE OPERATION 


OVERVIEW 


The microcomputer ROM program controls data input, storage, processing, and output. Data processing takes place 
in the arithmetic logic unit (ALU). K and J-inputs are sent to the ALU, as shown in Figure 2, and are stored in the 
four-bit accumulator. The accumulator output accesses the O-output latches, the RAM storage cells, Accumulator 
2, the X register, and the adder input. Data storage in the 512-bit RAM is organized into 128 words, four bits per 
word. The four-bit words are conveniently grouped into eight 16-word files addressed by a three-bit register. A four- 
bit Y register addresses one of the 16 words in a file. 


The O-outputs and the R-outputs are the output channels. The eight parallel O-outputs are decoded from five data 
latches. The O-output decoder is a programmable logic array (PLA) that is modified by changing the gate level mask 
tooling. Each of the R-outputs has a storage element that can be individually set or reset by program control. The 
R-outputs send status or enable signals to external devices. The R-outputs strobe the O-outputs to displayst, to other 
TMS 1000 family devices, or to other interface circuitry. The same R-outputs may be used to multiplex data into the 
K or J-inputs whenever necessary. 


TIMING RELATIONSHIPS 


Six oscillator pulses constitute one instruction cycle. All instructions are executed in one instruction cycle. The 
actual machine cycle period is determined by either a fixed external resistor and capacitor connected to the OSC1 
and OSC2 pins (refer to Section 2.4), or an external clock input frequency. 


POWER-ON 


The TMS 1000 family has a built-in power-on latch (see below), which resets the program counter upon the proper 
application of power (with INIT input open or tied to Vpp). After power-up the chip resets and begins execution at 
a fixed ROM address. The system reset depends on the ROM program after the starting address. For power supplies 
with slow rise times or noisy conditions, the following network connected to the INIT pin may be necessary. To 
assist initialization of the TMS 1000 family devices, a capacitor maintains a high-level voltage on the INIT input 
after the power supply settles. The diode connecting Vpp to INIT is used to fully discharge Cex+t and allow a proper 
reset when fast power-on-off-on cycles are expected. 


Vss 


TMS 1000 SERIES 


Cext(uF) = 0.06 Power Supply Rise Time (ms) 


T RO-R3 may also be used as a four-bit parallel input/output port. 


TMS 2300/TMS 2370 ONLY 


TMS 2170/TMS 2370 ONLY 
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DIVIDER 
[iit ) $1 piviven instRUCTION | ‘STRUCTION 


i 


= 


== 
ee, 


ZERO CROSS 
DETECTOR 


NOT ON TMS 2170 oe 


lef fel Tel Jel tel Tel Tet fel TH et feo 


BS aS ae ole 
CONTROL 
FUNCTIONS 

(| 4BiTAc2+ 


R21 1/O CONTROL 
a PA R22 


R-OUTPUT 


REGISTER 


ROM 
PC & CHAPTER fy 2 ai RAM ARRAY 
DECODER — 1 ; 942 Bie 


(64 X 8 X 16 X 2) (16 X 4 X 8) 


cs 
STACK (4)* 


RITE BUS & 


PAGE DECODER 


CB* 


= 
WRITE MUX 


PAGE 
ADDRESS 
REGISTER* 


PROGRAM 
COUNTER* 


READ BUS 


SUBROUTINE 
RETURN 
REGISTER 

STACK (4;* 


PAGE 
BUFFER 
REGISTER 


CONSTANT & 
K-INPUT LOGIC 


INSTRUCTION BUS 


CALL 
LATCH 
STACK (4)* 


INITIAL VAL E 


aAR15 R24 


- ADDER/COMPARATOR 
LL YLSB 
‘vecremenren} pl B 
DECREMENTER INTER- 


aa AU SELECT pineal 
LOGIC 


ACCUMULATOR es | 
REGISTER 


PLA 


DECODER 


OSCILLATOR RETN 


TAX OUTPUT PLA OUTPUT ( STATUS 
TUO (32 TERMS) REGISTER LATCH 


* SAVED DURING INTERRUPT ROUTINE 
TCA 
=i" ee ee ee ee ee ee ee 


FIGURE 2 — TMS 2100 TENTATIVE BLOCK DIAGRAM 


2.5 


ON-CHIP OSCILLATOR 


The internal oscillator for the TMS 2100/TMS 2300 is similar to the TMS 1100/TMS 1300 oscillator, except that it 
has been designed to be driven not only with an RC filter, but also with a ceramic filter or an external clock. The 
following diagrams show the appropriate connections for each method of oscillator control: 


(1) R-C filter control: 


Rext 
OSC2 VDD 


Cext 


OSC1 ee Vss 


(2) Ceramic or crystal filter control: 
(typical configuration) 


VpDD 


OSC2 
Rs 


56 kQ 
MURATA 


Cj CS8400A 


100 pF 
OSC1 


Ce2 


If an external clock is desired, the clock source may be connected to OSC1, and OSC2 shorted to Vss. 


ROM ORGANIZATION/CHAPTER CONTROL 


The sequence of the 2048 eight-bit ROM instructions determines the device operation. The instruction ROM contains 
two chapters of 16 pages each. A page contains 64 eight-bit words. After power-up, the program execution starts at a 
fixed instruction address, CH:0:PA:F;PC:00.A shift-register program counter sequentially addresses each ROM 
instruction on a page. A conditional branch or call subroutine instruction may alter the six-bit program counter 
address to transfer software control. Four levels of subroutine return address including one for interrupt, if used, 
may be stored in the subroutine return register. 


The page address register (four bit) holds the current address for one of the 16 ROM pages. To change pages, a con- 
stant from ROM loads into the page buffer register (four bits), and upon a successful branch or call, the page buffer 
loads into the page address register. The page subroutine register, which is a four-level stack, holds the return page 
address in the call subroutine mode. 


The chapter logic consists of three control bits, chapter address, chapter buffer, and chapter subroutine with four 
level stack. The chapter buffer bit is controlled by a complement chapter buffer instruction (see COMC in Table 2). 
The chapter buffer transfers into the current chapter address if a branch or call executes successfully. If a call is 
successful, the return chapter is saved in a chapter subroutine latch. 


TABLE 2 — TMS 2100 STANDARD INSTRUCTION SET 


STATUS 
FUNCTION ——— DESCRIPTION 


Register-to- Transfer accumulator to Y register 


Register Transfer Y register to accumulator 


Transfer Clear accumulator 
Transfer accumulator to AC2 


Transfer AC2 to accumulator 


Register-to- TAM 
Memory TAMIYC 
TAMDYN 


Transfer accumulator to memory 
Transfer accumulator to memory and increment Y register. If carry, one to status. 


Transfer accumulator to memory and decrement Y register. If no borrow, one to status. 


Transfer A/D register to memory. 
Memory-to- TMY Transfer memory to Y register 
Register TMA Transfer memory to accumulator (R17 = QO), to initial value Reg. (R17 = 1). 


Exchange memory and accumulator 


Arithmetic Add memory to accumulator, results to accumulator. If carry, one to status. 
Subtract accumulator from memory, results to accumulator. If no borrow, one to 
status. 
Transfer memory to accumulator and increment accumulator. If carry, one to status. 
Transfer memory to accumulator and decrement accumulator. If no borrow, one to 
status. 
Increment accumulator. If carry, one to status. 
DAN 
A2AAC 
A3AAC 
A4AAC 
A5AAC 
A6AAC 
A7AAC 
A8AAC 
ASAAC 
A10AAC 
A11AAC 
A12AAC 
i¥G 
DYN 


CPAIZ Complement accumulator and increment. If then zero, one to status. 


Arithmetic ALEM If accumulator less than or equal to memory, one to status. 
Compare 


Logical If memory is not equal to accumulator, one to status. 


Decrement accumulator. If no borrow, one to status. 

Add 2 to accumulator, Results to accumulator, If carry, one to status. 
Add 3 to accumulator. Results to accumulator. If carry, one to status. 
Add 4 to accumulator. Results to accumulator. If carry, one to status. 
Add 5 to accumulator. Results to accumulator. If carry, one to status. 


Add 6 to accumulator. Results to accumulator. If carry, one to status. 


Add 7 to accumulator. Results to accumulator. If carry, one to status. 


Add 8 to accumulator. Results to accumulator. If carry, one to status. 
Add 9 to accumulator. Results to accumulator. If carry, one to status. 
Add 10 to accumulator. Results to accumulator. If carry, one to status. 
Add 11 to accumulator. Results to accumulator. If carry, one to status. 
Add 12 to accumulator. Results to accumulator. If carry, one to status. 
Increment Y register. If carry, one to status. 


<<<<<<<<<<<< <<< 


Decrement Y register. If no borrow, one to status. 


Compare 


Bits in 
Memory 
Test memory bit. If A. to one, one to status. 
SL ee. 
TCMIY Transfer constant to memory, then increment Y 
Input Transfer K or J inputs to accumulator 
TRA Transfer R inputs to accumulator 


If memory not equal to zero, one to status. 


If Y register not equal to accumulator, one to status and status latch. 


If Y register not equal to a constant, one to status. 
Set memory bit 


Reset memory bit 


2.6 


2.7 


TABLE 2 — TMS 2100 STANDARD INSTRUCTION SET (Concluded) 


DESCRIPTION 


Set R output addressed by Y 

Reset R output addressed by Y 

Transfer data from accumulator and status latch to O outputs 
Load X with file address 


Transfer accumulator (A1, A2, A4) to X register. 


Branch on status = one 

Call subroutine on status = one 

Return from subroutine (No-op if not in subroutine) 
Load page buffer with constant 


Complement Chapter Buffer 


RAM OPERATION 


Up to 512 addressable bits of RAM storage are available. The RAM is composed of eight files, each containing 16 
four-bit words. The RAM is addressed by the X and Y registers. The Y register selects one of the 16 words in a file 
and is completely controllable by the ALU. The TMS 1000 family has instructions within the standard instruction 
set that compare Y to aconstant, set Y to a constant, increment or decrement Y, and/or perform data transfer to or 
from Y. Three bits in the X register select one of the eight 16-word files. The X register is set to a constant or Is 
loaded from the accumulator. A four-bit data word goes to the RAM location addressed by X and Y from the 
accumulator or from the constants in the ROM. The RAM output words go to the ALU and can be operated on and 
loaded into Y or the accumulator in one instruction interval. Any selected bit in the RAM can be set, reset, or tested. 


ARITHMETIC LOGIC UNIT (ALU) OPERATION 


Arithmetic and logic operations are performed by the four-bit adder and associated logic. The ALU performs logic 
comparison, arithmetic comparison, and add and subtract functions. The ALU and interconnects are shown in 
Figure 3. The operations are performed on two sets of inputs, P and N. The two four-bit parallel inputs may be 
added together or logically compared. The accumulator has an inverted output to the N-selector for subtraction by 
two’s complement arithmetic. The other N-inputs are from the true output of the accumulator, the RAM, the ROM 
instruction constants, and the K-inputs. The P-inputs come from the Y register, the RAM, the constants, and the 
K-inputs. 


Addition and subtraction results are stored in either the Y register or the accumulator. An arithmetic function may 
Cause a carry output to the status logic. Logical comparison may generate an output to status. If the comparison 
functions are used, only the status bit affects the program control, and neither the Y register nor the accumulator 
register contents are affected. If the status feedback Is a logic one, which is the normal state, then the conditional 
branch or call is executed successfully. If an instruction calls for a carry output to status and the carry does not 
occur, then status will go to a zero state for one instruction cycle. Likewise, if an instruction calls for the logical- 
comparison function and the bits compared are equal, then status will go to a zero state for one instruction cycle. If 
status is a logic zero, then branches and calls immediately following the status-affecting instruction are not performed. 


TOY 


ADDRESS 
LOGIC FROM CONSTANT 
FROM RAM 
4 2 OUTPUT 


LATCHES 


alk y 
i 


Y REGISTER ADDER/COMPARATOR ACCUMULATOR 


STATUS OUTPUT TO 
PROGRAM CONTROL 
LOGIC AND STATUS 
4 OUTPUT LATCH 


FIGURE 3 — ARITHMETIC LOGIC UNIT (ALU) 


2.8 DIGITAL INPUT 


2.8.1 TMS 2100/TMS 2170 Digital Inputs 
There are eight data inputs to the TMS 2100/TMS 2170 circuit: K1, K2, K4 and K8 and RO, R1, R2, R3. Each time 


an input word is requested, the data path from the K-inputs is enabled to the adder, and the data is stored in the 


accumulator for future use. The R-outputs usually multiplex inputs such as keys and other data onto the K-input 


lines. Data can be stored periodically in synchronization with the predetermined rate of an external device. Thus, 


multiple four-bit words can be requested and stored with only one R-output supplying the control signal. 


The input function of RO, R1, R2, R3 is explained in Section 2.13. 


2.8.2 TMS 2300/TMS 2370 Digital Inputs 
The TMS 2300/TMS 2370 have 12 data inputs: K1, K2, K4, K8 and J1, J2, J4, J8 and RO, R1, R2, R3. The K and J 
ports are multiplexed internally into a four-bit input bus with selection being under program control of R16. 

2.9 K8 FREQUENCY DIVIDER 
A frequency divider has been incorporated into the K8 input. Any one of four options (K8 pass, divided by 2, 10 
or 20) can be defined during device manufacture. The divider count is reset when the INIT signal goes to a high level. 

2.10 ANALOG INPUT 


To provide interface to analog signals the TMS 2100/TMS 2170 has analog input A1, which is monitored by the 
on-board analog to digital converter (see Figure 4). The TMS 2300/TMS 2370 have two analog inputs, A1 and A2, 
that share device pins with inputs J4 and J8. Selection of Al or A2 is under ROM program control of R19. 
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DATA OUTPUT 


The TMS 2100 series devices have two types of output channels, the R-outputs and the O-outputs, each of which 
have multiple purposes. The R-outputs are addressed by the Y-register, and each output can be individually set or 
reset. The eight parallel O-outputs come from a five-bit-to-eight-bit code converter, the O-output PLA. 


R-Data Output 
There are seven R-outputs for the TMS 2100, six for the TMS 2170, 15 for the TMS 2300 and 14 for the TMS 2370. 
The R-outputs are addressed by the Y-register and decoded by the RAM Y-decoder. 


O-Data Output 


The internally latched eight parallel O-outputs may be used for a wide variety of applications: driving displays, 
driving speakers, communicating with external memories or processors, and a host of other functions. The user de- 
fines a 5-bit-to-8-bit converter called the O-output PLA, which specifies the state of the O-lines for a given input. 
The four bits of the accumulator and the output of the status latch provide for 32 unique eight-bit patterns. 


INTERNAL CONTROL FUNCTIONS 


The MSB of the X register is used to enable addressing of the internal control functions R16 through R24 (see 
Table 3). | 


TABLE 3 — CONTROL FUNCTIONS 


FUNCTION DEFINITION pic | tow 


Enable Disable 


[aig CAR weiece Sdn «YT np 


ANALOG TO DIGITAL CONVERTER (SEE FIGURE 5) 


The analog-to-digital converter is a complete hardware successive approximation converter that can be set to con- 
tinuously convert the input signal Al or A2, with the digital result being monitored via software control. Conversion 
time for eight-bit resolution is 200 microseconds. 


The following specifications apply to the A/D converter: 
2 analog inputs (1 only on 2100/2170) 

2) Input range: AVss ~~ AVpp 

3) Successive approximation: 200 us sample time 


4) 8-bit resolution (with 7-bit accuracy) 


R19 OPERATION 
0 A1 input to A/D converter 
1 A2 input to A/D converter 


Reference voltage is provided from AVss, AVpp input pins. A/D converter function can be implemented as follows: 


1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 


SET/RESET R19 to select input port 

*SET R20 to start analog input conversion 

SET RAM address (can be preset) 

SET YLSB 1 to select upper half of A/D reg. 

*RESET R20 

Execute TADM to store converted results to RAM 

Increment or decrement Y to select the lower half of A/D and address next RAM location. 
Execute TADM 


* At least 8 instruction cycles should be performed between (2) ~ (5). 


NOTES: 


Al 


214 


‘. 
= 


A/D converter will continue to convert next signal unless R20 is RESET. 
No output operation TDO, SETR, RSTR, etc.) is recommended during (2) ~ (5). 


AV 
DD SUCCESSIVE 
APPROX 
COMPARATOR cabins 

a q 1 

i 
| 8 
i ) 8 BIT ae A/D — 

DECODER REGISTER 
V AVss 
SHIFT REG 
(SEQUENCER) 
FIGURE 5 — A/D CONVERTER 
INPUT/OUTPUT PORT 


Four R-output lines RO, R1, R2, R3 can function as a four-bit bidirectional input/output port for data transfers, 
such as to or from an external data memory. The operation of this port is regulated by control functions R21 and 
R22 as shown in Figure 6. If R21 is set, then RO-R3 is an input port, and execution of the TRA instruction transfers 
data to the accumulator. If R21 is reset, then RO-R3 is an output port with data coming from AC2 (R22 = 1) or the 
R-output latches (R22 = 0). 
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O 


> 


4 4 
RO 
x R1 
R2 
R3 
(74 R21 


FIGURE 6 — RO - R3 INPUT/OUTPUT FUNCTION 


1 don’t care 


INSTRUCTION 


TRA 
TAC 
TCA 
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CONTROL FUNCTION 


OPERATION 


RO ~ R3 from R-output Reg. is selected 
to output from RO ~ R3 


AC-2 register is selected to output 
from RO ~ R3 


Select RO ~ R3 functions as a 4-bit 


input to accumulator 


Transfer RO ~ R3 into accumulator 
Transfer accumulator into AC2 


Transfer AC2 into accumulator 


216 


217 


MOTES: 


HARDWARE INTERRUPT (SEE FIGURES 7 AND 8) 


The control function R15 must be high to enable an external interrupt. When the INT signal goes from low (Vpp) 
to high (Vss), and this pulse is wider than the specified noise debounce (mask option), then the Initial Value Register 
is downloaded to the Decrementer, which starts counting. After the Decrementer counts down to zero, the following 
conditions must be satisfied before an interrupt routine will be executed: 


1) Control function R24 must be high. 
2) The prior interrupt routine must be complete. 


3) The present instruction is not CALL, BR or RETN. 


Until all three conditions are met, normal program execution will continue. When they are satisfied, the program will 
jump to CA = 0, PA=0, PC = 00 and begin the interrupt routine. This routine is terminated by a RETN instruction. 


To load the eight-bit Initial Value Register from RAM requires the following sequence: 


1) Set control function R17 high. 

2) Point to RAM location where low order four-bits are stored (Y even). 

3) Execute TMA to load low order four-bits. 

4) Increment or decrement Y to point to high order four-bits (Y odd so Y LSB = 1). 
5) Execute TMA to load high order four-bits. 


The Decrementer is a real-time clock that can be counted down by either the External Event Counter (if R18 is high) 
or the scaled internal clock (if R18 is low). This clock comes from the $1 signal divided by 32, 128, 256 or 1024 
(mask option). 


SOFTWARE INTERRUPT (SEE FIGURE 9) 


When R15 is reset, the external INT signal will be disabled, and the Decrementer initialized to FF 16. When control 
function R23 is set high, the Initial Value Register will download to the Decrementer, which begins counting. After 
the Decrementer counts down to zero, the interrupt will proceed as explained in Section 2.15. 


POLLED INTERRUPT 


After Decrementer count reaches zero, (e.g. by Event Counter) interrupt occurrence is dependent on R24, that is, 
POLLED INTERRUPT can be controlled by R24. 


1. After power up, all R-outputs are reset to LOW. 

2. While Decrementer is counting, download by next hardware interrupt is forbidden by hardware. 

3. It is not recommended to use hardware and software interrupts simultaneously. 

4. Since no multilevel interrupt is allowed, it is recommended to disable external interrupt by RESET R15 at the beginning of 
interrupt routine. 
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INT 
ZERO CROSS PA way 
Ts Sereros | +z 


H: UPPER HALF 
NOISE 4% YLSB L: LOWER HALF 
DEBOUNCE , 
MASK ae Lan 4 


1, 16, $2 
INSTRUCTION 
CYCLES 


WHEN R17 IS HIGH TMA: STORE MEM 
INITIAL VALUE REGISTER (X, Y) INTO INITIAL VALUE REG. 


RETN 


EXTERNAL INT 


8-BIT 
CONTROL INTERRUPT 
DECREMENTER 


R15 
PC = 00, PA=0,CA=0 


7 
L2 # PB =0,CB=0 
F 
SOFTWARE orn 
COUNT CONTROL / 
R23 LOAD AND INTERRUPT 
V7 CLOCK CONTROL INHIBIT 
A 4 
| L: INTERNAL TIMING 
/ . 
Fissue & ¥/) R18 H: EXTERNAL TIMING 


+ 32, 128 
256 OR 1024 p1 


MASK OPTION 


FIGURE 7 — INTERRUPT INTERVAL TIMER AND EVENT COUNTER FUNCTIONS 


INTERRUPT SEQUENCE 


1. Interrupt acknowledge 
2. Save X, Y, ACC, AC2, SF, SL, PC, PA, CA, 
PB, CB, CL, OREG into individual stack registers 
3. Interrupt routine 
4. RETN 
5. Pop up stack registers 


INTERRUPT 
@CRNOWLEDGE 


| 
| 
DownNLoAD |] ] Lf] i 


R24 | 


WOTE-: 


VUi/As : Interrupt routine execution. 


T1: Noise debounce. 
T2,T3, T4: Decrementer circuit. T4 should not be within interrupt routine. 


FIGURE 8 — EXAMPLE OF EXTERNAL HARDWARE INTERRUPT 


a H: ENABLE L: DISABLE | 


DOWN LOAD ] l] ] ] ] ] 


| 
INTERRUPT | 
| 


ACKNOWLEDGE ra ke—1c —>| e— tc —o] le —1c 9] 
im ie = peas 


DECREMENTER COUNT 


WOTE: Interrupt will occur periodically if R23 is kept high. 


FIGURE 9 — EXAMPLE OF SOFTWARE INTERRUPT 
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2.18 


3.1 
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ZERO CROSS DETECTOR (INT INPUT — MASK OPTION) 


Although the INT pin may be driven directly by a digital input, it has special circuitry to detect an ac signal crossing 
its average direct-current level. The signal required for the zero-cross detection mode must be 2 to 4 volts peak-to- 
peak and with a maximum frequency of 1 kilohertz. The signal couples to INT through an external capacitor. 


Figure 10 shows the waveforms for zero-crossing detection. The internal digital state of INT is sensed as a “QO” 
until the wave’s rising edge crosses the average dc level where it becomes a ‘1’. The digital transition takes place 
within 5- from zero point. The digital level then remains at ‘1’ until the input goes approximately 200 mV below 
the zero point on the falling edge. 


The 200 mV hysteresis prevents noise from causing chattering of the internal signal. 


200 mV OFFSET 


AC SOURCE 2~4 VAC 


TMS 2100 
INTERPRETATION 


—m a= a==s cae oom “7s 


FIGURE 10 — ZERO-CROSSING WAVEFORM 


The zero-crossing detection capability allows the applications designer to make the 60 hertz power signal the basis 
for system timing. All timing routines, including time of day, can be implemented with the signal and just a few 
conditional jump instructions; also the user can trigger phase-sensitive devices, such as Triacs and silicon-controlled 
rectifiers (SCR) and use the TMS 2100 in such applications as shaftangle measurement and speed control of motors, 
or anywhere that the zero-crossing of a waveform provides timing information. 


DEVICE SOFTWARE OPERATION 


INSTRUCTION SET 


Table 2 defines the TMS 2100 series instruction set with description, mnemonic and status effect. This instruction 
set is identical to that of the TMS 1100 with the exception of five instructions* which were modified for the control 
of the extra logic added to the TMS 2100. Branch and subroutine calls are controlled by the state of the status logic. 
If an instruction that does not affect status is placed between an instruction that does affect status and a branch or 
call, the branch or call is always successful. This is true because status always returns to its normal state (status = 
one). Figure 11 is a complete upcode map of the TMS 2100 instruction set. 


lf a branch or call is encountered and status equals zero, the program counter proceeds to the next address and 
ignores the call or branch. 


* TMS 2100 TMS 1100 
TAX ———-—COCCOOMX 
TRA ——-=—SCAI4AAC 
TAC ——— CCU UF AMZAQ 
TCA ———S—OCAIS AAC 


TADM a —CENNEZ 


dVIN NOILONYLSNI GHYVGNVLS OOLZ SIL — LL AHNDIS 


"sSauppe ajly = 4 ‘Ssauppe AiOWawW = MA ‘sseuppe 11q = g ‘JueISUOD = 95D , 


| 
a 
TIVO 
dq 
0] 
dq 
V 
6 
8 


Ss Sd 


AINOL 9 


im a . 


DAI 
“WV L ani 


O* 
242 

ge 

os 


S 


N 


1009 NOLLOOM LENE ININOVIN 
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3.2 SUBROUTINE CALLS 


The TMS 2100 series devices have a four-level subroutine stack. Long branches can be executed during any level of 
subroutine. Subroutines can be of any length and long branches may be executed at any time. Figure 12 is a flow 
diagram of subroutine calls. The total of four calls includes one level of interrupt. Only one level of subroutine is 
allowed during an interrupt. If the interrupt routine uses a subroutine, then only two levels of subroutine are 
allowed in the main program. 


CA DECODE 


PC DECODE 
6 1 


CALL/BR 
= 


PA DECODE 
4 


ROM CALL/BR 


FIGURE 12 — FLOW DIAGRAM OF SUBROUTINE CALLS 
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3.3 


3.4 


NOTES: 


3.5 


ACTION OF BR INSTRUCTION 
a) S (STATUS) = 1 


PB ——we PA I(W) ———se ~PC 
y S=0 
PC + 1 —— PC 1 -—— se S$ 


ACTION OF CALL INSTRUCTION 


a) o=1, IL=0 
SR3 —*® SR4 PSR3 ——® PSR4 
SR2° == SRS rPSa2 ——} Pons 
SR1 —* SR2 PSR1 ——® PSR2 
PG | = Sri PA =r PSA 
(WwW) ——e PC PB =e PA 


CSR3 — CSR4 
GSR2 ——s* CSRS 
CSR1 —— CSRZ 
CA — » CSR1 
CB — CA 
b) S$=1,IL=1, ICL =0 (INT. CALL) 


Same as a) Except 1-8 ICL 


c) S=0 


PC+1—s PC PA — > PB 
1 —— wp Ss 


1. Only a one-level CALL will be allowed in INTERRUPT routine. 
2. A total 4 levels of CALLS including one level of INT, will be allowed. 


ACTION OF RETN INSTRUCTION 
a) CL=1,IL=0,ICL=0 


SR1 ——s PC PSR1 ——s PA, PB 
SR2 =} SRI PSR2 ———}- PSR 
Sas. ——he SR2 PSR3 —— PSR2Z 
SR4. —* SR3 PSh4 —— 3. PSR 


CSR1 ——® CA, CB 
CSR2 ——s CSRI1 
CSR3 —— CSR2 
CSR4 —® CSR3 

b) CL1=1,IL=1,ICL=1 


Same as a) Except 0 ICL 


c) CL1=0 (Dummy RETN) 


PC +1 —e» PC (ees 


CB ——} CA 


Cl3 ———m CL4 
Cl2 ——i Cis 
CL1 ———seCL2 
1 Tt 


CA =~ CE 
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d) 


CL1=1,1IL=1, ICL =0 (Interrupt RETN) 


SR1 ——s PC 
SR2 ——» SR1 
SR3 ——e SR2 
SR4. —e SR3 


CSR1 -———® CA 
CSR2 ——* CSR1 
Cokh3———# CSR2 
CSR4 ——® CSR3 
CB STACK CB 


PSR1 —— PA 
PSR2 ——» PSR1 
PSR3 ——s PSR2 
PSR4 ——® PSR3 
PB STACK PB 


XREG STACK ——3 


YREG STACK ——> 


ACC STACK ——> 
AC2 STACK ——e 
SF STACK a 
SL STACK ——} 
OREG STACK ———> 


CL2 ——» CL1 
CL3 ——s._.CL2 
CL4 — CL3 
0 —> CL4 


XREG 0 =a 71. 
YREG 

ACC 

AC2 

SF 

SL 

OREG 


- ELECTRICAL SPECIFICATIONS 


4.1 TMS 2100/2300 


4.1.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 


(UNLESS OTHERWISE NOTED)* 


Voltage applied to any device terminal (see Note 1) ww ee ee ee —15\ 
Surely Ver eoe (Ones, VO, AVG «sas pcdinscuseaeesues es tb int eaeee bax vns —15Vto0.3V 
rit vontege faifide: Dats. Gi6cK =. ce tc ed hw wwe ee wp ee ew ck be we ee —15Vto03V 
Input Voitage range: Analog Al, AZ 2.64 e6u as wade ee sews eee wee ee ee ceed we ee —15Vto2V 
Average output current (see Note 2): O-Outputs ............ ee ee ee —24 mA 
WER coat atiGesn oe ecu eacteeaenesuus —14 mA 

Peak Cet Current: (-OUTOUTE OO kg a ww es a es ek ewe ee ba wee owen ee eebavace —48 mA 
eS! eo eee ba bee eee eee bee eee we we es ee eres —28 mA 

Contnucis Bowerfissipation: TMS 2100 6.6 ceed ewes en cdo ws oe ee 644k 44s OSes des 400 mW 
TARE ROO ~: 56:2 Gat Wei os og eb ole A we oe a ke ee ee 600 mW 

Operating Tree-air-temperature FanBe  fkooc hk ce cs sue wwe weneiwes wal ed ae he vs 6 oe oo 0°C to 70°C 
Storage temperature range ........... 8G ea ke ae EOE Oe Oe eee ee —55°C to 150°C 


* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 


section of this specification is not implied, Exposure to absolute-maximum-rated conditions for extended 


4.1.2 RECOMMENDED OPERATING CONDITIONS 


PARAMETER 
Logic supply voltage, Vpp (see Note 3) 


AV pp (see Note 4) 
Analog supply voltage ' 
AVss with respect to Vss 


Analog input voltage range A1, A2 


; K..1,R,ECi or INT (TTL) 
High-level input voltage, Vj} (see Note 5) 
INIT or Clock 
Low-level input voltage, Vj; (see Note 5) 
INIT or Clock 


Pulse width, clock high tw(oH) 
Pulse width, clock low twi@L) 


Sum of rise time and pulse width, clock high, tr + tw(gH) 


Sum of fall time and pulse width, clock low, t¢ + tw(gL) 
Oscillator frequency, fogc | 


Operating free-air temperature, T pa 


periods may affect device reliability. 


300 
0 


NOTES: 1. Unless otherwise noted, all logic-associated voltages are with respect to Vss and all analog-associated voltages are with respect 


to AVss: 

These average values apply for any 100 ms period. 

Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range, 

Device accuracy is dependent on stability of the analog supply voltage. Ripple must not excee 


aoe i Pe 


logic voltage levels only. 


f- a site 


| 

! | 
VpD—-—-+—— | | | 
Pod a tg i e— ty | 

he tw pL) —o4 fe twig) 4 
je——__—______. t,. —__»} 


NOTE: Timing points are 90% (high) and 10% (low). 


d 5 mV peak-to-peak. 


The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this specification for 
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4.1.3 ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) TMS 2100/2300 


PARAMETER TEST CONDITIONS MIN Nomt MAX 
K, J1, J2, INT (TTL) ECI 70 +180 40 
1 Input current 
J4/A1 J8/A2 INT (zero cross), R Vi; =O V/Vpp 
lOL Low-level output current, K, J, INT VoL = VpbD 
No pull down 
100 uA pull down 
300 HWA pull down 
) Pull down short- SUG «aici 
—_ circuit current ee 
R-Outputs | 100 wA pull down 
300 wA pull down 


300 
No pull down lo = 50 uA 
VOL Low-level output voltage 
With pull down Vop=-9 V V 


UN 


Tt 


‘ 


Oo 
oO 
= = = 


NO 


O-Outputs 


OC 
* 

| 
00 


| Average supply current from ii cueinel ate AN 15 = 
mind oes Vpp (see Note 2) 

P Jinan All outputs open 90 158 | mW 
(AV) (see Note’2) 

f Internal oscillator frequency 450 500 550 | kHz 
osc Cext = 47 pF 


C Small-signal input capacitance, Wegiewer in 

. =O, f= z 

K inputs, J inputs 

Ci(¢) Input capacitance, clock input Vi=0, f= 100 kHz 


T All typical values are at Vop = —9 Vv. Ta= 25°C. 


} 
o1 
<2) 
+ 


xe) 
oat 


NOTES: 1, The algebraic convention where the more positive (less negative) limit is designated as maximum is used in the specification for 
logic voltage levels only. 
2. Values are given for the open-drain O and R output configurations, Pull-down resistors are optionally available on all outputs and 
increase Ipp (see schematic). 


4.1.4 SCHEMATICS OF INPUTS AND OUTPUTS 
TYPICAL OF K, J1, J2, ECI TYPICAL OF TYPICAL OF ALLO AND R 
AND INT (TTL) INPUTS INT (ZERO-CROSS) OPEN DRAIN OUTPUTS 


Vss 


> 
INPUT dd | 
| OUTPUT 


R ~ 50k22 


TYPICAL OF ALLO ANDR 
TYPICAL OF TYPICAL OF OUTPUTS WITH OPTIONAL 
A1/J4, A2/J8 RO-R3 PULL DOWN RESISTORS 


Vss 


“ie 
: OUTPUT 
VpD 


1g 


HIGH IMPEDANCE 


The O-outputs have nominally 60-Q on-state impedance. 
The R-outputs have nominally 200-22 on-state impedance. 
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4.2 TMS 2170/2370 


4.2.1 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 


Applied output voltage range (see Note 1) 


ne ke Ska we em, bm a ae ea ae ae —35 V 
moped input weer renee kc ae Sew eee ee eek ew we ee See Re RS ke ee Pa eS —35V 
Slippery Ve ee ea Ra eee es Pew a os Cb os OR ee He eee tert —15Vto0.3 V 
put WOliaee Fae OE 2s bo ec hee es hw kw owe ew eee wee ee ee —15Vto0d.3V 
spur Voltage Tie: PION A A a ee ae he eek eee ah cw ea woema sei 2hls ems —15Vto2V 
Average output murat (eee Mote 2): POuIpEIS re Sa isa aap eee bee ee eee es —25mA 
Patties (S58 es ce Se eS ee ELS —~12mA 

Peek OUST ere As Se ss Se os oe oe ee a caw wen bce ee ewes ele es —5hmA 
ae > ges 6a ake 8 a eda ea an oR ee We a a ew a ee —24 mA 

Continuous power dissipation: TMS 2170 0 w cc ec si pines Ao Deel Dd ow we we bee eee eee eee 400 mW 
fT et en Wh a ae oka care ene ede oe 8 a ee ee 600 mW 

Operating free-air temperature range wb cc ee cc te etc wees baweasiscaeey. 0°C to 70°C 


rae Tei er ane Fae Sb ad a so 4s ee eee bh bh a pak ee ow eek ES’ te 180°C 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


4.2.2 © RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


= 
2 
ra 
O 
Ss 
= 
> 
x 
Cc 
= 
=f 


| 
£ 


Applied output and input voltage range 


ro) 
| 
N 
o>) 
| 
ww 
ro) 


Supply voltage, Vpp 


oO 
| 
N 
ro) 


| 
foe) 
on 
| 
Ke) 
| 
pad ie | 
SO} w 
won| oO 


Logic supply voltage Vpp (see Note 3) ; 
re rer 

[AVgs with respecttoVegs_ | SSSC~=“—S—SSC“C*~C*S 
Analog input voltage range, A1, A2 


K, 3 INT ITTLI, B, ECCI —2.4 
INIT or Clock —1 
; K, J, INT (TTL), R, EC —30 
Low-level input voltage, Vj, (see Note 5) 
INIT or Clock 


High-level input voltage, Vj} (see Note 5) 


INT (zero-cross) peak-to-peak input voltage 


INT (zero-cross) input current 


< 
= 
iJ 
N | 
OlN 1 


Clock cycle time, tc(g) 


N 
6 
Ww 
n 


iv 
Instruction cycle timer, t> 


5 


Pulse width, clock high, tw(gH) 


a= 


Pulse width, clock low, twi@L) 
Sum of rise time and pulse width, clock high, t, + tw(oH) 


b= 


Sum of fall time and pulse width, clock low, tf + tyw(¢L) 


c= 


Oscillator frequency, fos¢ 300 


oO 
Oo 
io) 


kHz 


ni 

N 

N 

© 
= 


Operating free-air temperature, T a 0 


~ 
oO 
E 


NOTES: 1, Unless otherwise noted, all logic-associated voltages are with respect to Vssg and all analog-associated voltages are with respect 
to AVss. 


. These average values apply for any 100 ms period. 


2 

3. Ripple must not exceed 0.2 volts peak-to-peak in the operating frequency range. 

4. Device accuracy is dependent on stability of the analog supply voltage. Ripple must not exceed 5 mV peak-to-peak, 
5 


. The algebraic convention where the more negative (less positive) limit is designated as minimum is used in this specification for 
logic voltage levels only. 


Vss ------- ag Ne a iy & Ow Vin 


| 
! | 
VpD—-—r+t—— | | | 

te a | 
, he twp) a4 le twig) el 
Ss ere 


NOTE: Timing points are 90% (high) and 10% (low). 


VIL 
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4.2.3. ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) TMS 2170/TMS 2370 


UNIT 


PARAMETER TEST CONDITIONS MIN TYPTt MAX 
K, J1, J2, INT (TTL), ECI Vj =O0V 7 180 400 
1 Input current 
J47A2, 38/02, R Vi=0VVop 
inj= 4, 
—25 


OH eee Note i0= 8.5 mA 
IOL Output current 
Vo==30V 


0 


Pull down short- 


| 
OSS circuit current 


3 
3 


lo = 50 uA 
Vop=-9 V 


0 
0 
00 
VOL Low level output voltage y 


p 2 


Men? 20-¥ 
Average supply current from a on nee 
DDIAV) (see Note 2) . 
Average power dissipation 
PiAV) ithe ‘ All (outputs/inputs) open 90 8 
(see Note 2) 
; Rext = 47 kQ, 
f Internal oscillator frequency 40 50 0 
osc Cext = 47 pF 
5 


C Small-signal input capacitance, Vi =OV, 
K-inputs f=1kHz 


as 
Oo 


Lu 
v 
iv 
m 

m 
k 


ol 
Oo 


A 
V 
A 
A 
V 
A 
WwW 
Hz 
pF 
Input capacitance, ViFoy¥, 
Ci(¢) 2 pF 
clock input f = 100 kHz 


T All typical values are at Vop = -9 V,Ta= 25°C (low power version). 
NOTES: 1. The algebraic convention where the more positive (less negative) limit is designated as maximum is used in this specification for 
logic voltage levels only, 
2. Values are given for the open-drain O and R output configurations, Pull-down devices are optionally available on all outputs per 
increase Ipp (see schematics). 


4.2.4 SCHEMATICS OF INPUTS AND OUTPUTS TYPICAL OF ALLO AND R 
TYPICAL OF ALL K INPUTS TYPICAL OF ALLO AND R OUTPUTS WITH OPTIONAL 
K, J1, J2, ECt, INT (TTL) OPEN DRAIN OUTPUTS PULL DOWN RESISTORS 


OUTPUT 


Vss 
—~P 
i ieee OUTPUT 


The O-outputs have nominally 750-Q on-state impedance. 
The R-outputs have nominally 300-Q on-state impedance. 
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TERMINAL ASSIGNMENTS 


AVss 
AVopp 
RO 
R1 
R2 
R3 
R4 
R5 
R6 
Vss 
O7 
O6 
O5 
04 


AVss 
AVDD 
RO 
R1 
R2 
R3 
R4 
R5 
Vpp 
Vss 
07 
O6 
O5 
04 


OO nN OO FP WRN 


a ot 
- Oo VV WAN OOM AaAWYNY 


2 ab ad 
hf WN 


TMS 2100 
28-PIN N400 


TMS 2170 
28-PIN N400 


28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 


ie te ei ee 


INT 
OSC (OUT) 
OSC (IN) 
VpD 

Al 

K1 

K2 

K4 

K8 

INIT 

oo 

O1 

02 

03 


INT 


OSC (OUT) 


OSC (IN) 
VoD 
Al 
K1 
K2 
K4 
K8 
INIT 
00 
01 
02 
03 


AVss 
AVDD 
RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
RQ 
R10 
R11 
R12 
R13 
R14 
Vss 
07 
O5 


AVss 
AVpDD 
RO 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
Vpp 
Vss 
O7 
O6 


©MONOAWAWDHD = 


Ny 2 = 2 2 2 2 = 2 wo = 
oO On OO PF WHY = CO 


—_— = 
= O OWN OOP WN 


NY 2 =& a2 = = = = = 
CoO ON OO fh WN 


TMS 2300 
40-PIN N600 


TMS 2375 
40-PiN N600 


EC1 

INT 
OSC (OUT) 
OSC (IN) 
VpD 

J1 

J2 
J4/A1 
J8/A2 
K1 

K2 

K4 

K8 

INIT 

felt) 

O1 

02 

03 

04 

O5 


EC1 

INT 

OSC (OUT) 
OSC (IN) 
Vpp 

J1 

J2 

J4/A1 
J8/A2 
K1 

K2 

K4 

K8 

INIT 

00 

01 

02 

03 

04 

O5 
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5.1 
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MECHANICAL DATA 


TMS 2100, TMS 2170 — 28-PIN N400 PLASTIC PACKAGE — PIN SPACING 0.070 


EITHER. 
INDEX 


0.400 - 0.010 


(19, 16 - 0,26) 
0.350 - 0.010 
Peas 0,26) | ———— 0.980128, 18) MA 
SEATING PLANE:-__-&— 
5 0.200 (5,08) MAX 
105 
sll 0.011 - 0.003 zoe 
eth lies : 0.018 « 0.003 
wi (0,279 - 0,076) MIN le- 0.080 Pr aet : 9.076) 0.080 (2.03) MIN 
(1,52) pin SPACING 0.033 (0,84) MIN 


MAX 9.070 (1,78) TP. 
(See Note a) 


TMS 2100, TMS 2170 — 28-PIN N400 PLASTIC PACKAGE — PIN SPACING 0.100 


ce 1.440 (36.6) MAX senieacT 


EITHER 
INDEX 


¢ | 

0 600 + 0.010 | 
(15.24 +0 26) ) 
0.020 (0 50) | 

MIN ee . 


i 0.200 (5.08) MAX 


0.125 (3.17) MIN 


88 


——— SEATING PLANE 
105 f 
0.011 + 0.003 
(0.28 + 0.08) e ant 0.003 -»| le et 0.033 (0.83) MIN 
| 0.060 + 0.020 


+ 0.08) 
PIN SPACING 0.100 (2.54) T.P. 


(See Note A) (1.27 + 0.51) 
0.060 (1.52) NOM 


5.3 


5.4 


OO OL —_ = See 


ne 


TMS 2300, TMS 2370 — 40-PIN N600 PLASTIC PACKAGE — PIN SPACING 0.070 


EITHER 
INDEX 


>. 


0.600 - 0.010 


(15,24 0,26) reo, (36.6) MAX SS 


0.020 (0,51) - 0.200 (5,08) MAX 
—— SEATING PLANE ae 
105 | 
0.040 (1,02) MAX | 


0.125 (3,17) MIN 
0.011 - 0.003 
_o\e— (0.279 - 0.076) 0.018 » 0.003 le 


(0,457 » 0,076) 
0.050 (1,27) MAX 


PIN SPACING 3 
0.070 (1,78) T.P. 
(See Note a) 


TMS 2300, TMS 2370 — 40-PIN N600 PLASTIC PACKAGE — PIN SPACING 0.100 


3 0.600 + 0.010 . 


(15,24 » 0,26) 
0.020 (0,51) 
MIN 


— SEATING PLANE 
= 


0.200 (5,08) MAX 


0.125 (3,17) MIN 
90 0.011 - 0.003 = S 


0.018 » 0.003 
(0,279 - 0.76) were | 4 0.033 (0,84) MIN 


PIN SPACING 0.100 (2,54) T.P. 0.095 242) 
ae 0.060 (1,52) NOM : 


NOTES: a. All linear dimensions are in inches and parenthetically in millimeters. Inch dimensions govern. 
b. Each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 
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APPENDIX A 


TMS 2400 SERIES FEATURES 


DESCRIPTION 


The TMS2400/2600 and TMS2470/2670 microcomputers are extensions of the TMS2100 series. The key 
features are summarized in Table 1 below. 


TABLE 1 — TMS 2400 MICROCOMPUTER SERIES FEATURES 


FEATURES TMS 2400 TMS 2600 TMS 2470 TMS 2670 


beer: il Ee ee 
~15V ~15V —35 V —35 V 
J, INT, and ECI) 
| Package PinCount | S28 Pins, =| Pins, =| S28 Pins, 
'R" Individually Addressed ae aes 
Output Latches 
a 
a 
[event Counter ——SSCS~iSSSCSN 


Instruction Read Only Memory 4096 X 8 Bits (32,768 bits) 
Data Random Access Memory 256 X 4 Bits (1024 bits) 


"'O” Parallel Latched Data 
Outputs 


Working Registers 3 (4 Bits each) 


Enhanced TMS 1100 Instruction Set (See Note) 


Programmable O Output 
Yes (32 AND terms) 
Decoder 


Power Supply/Typical Dissipation —9 V/90 mW 


Development System Fe eee ee 
Subroutine Levels 4 Levels 
8-Bit A/D Converter Yes 

Yes 


System Evaluator Device with 
SE-2400 (TMS 1094 JLL) 
External Instruction Memory 
Hardware Interrupt (1 level ee eee 
Frequency Divider to K8 Yes (Optional — Pass, 1/2, 1/10 and 1/20) 


NOTE the following instruction set differences 


TMS2100/2300 TMS2400/2600 
COMC hehe TPG Transfer PB —®> CB 
A11AAC ———P COMX Complement MSB of X 
ATA TXA Transfer X-register to accumulator 


Analog Input Selection 


A-|Input R25 R19 
A1 g L 
A2 E H 
A4 H L 
A8 H H 
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APPENDIX B 


EVALUATOR BOARD 


GENERAL 


The SEB 2100 System Evaluation Board is described in Table B-1. This board utilizes the SE 2100 anda 
TMS 2716 or 2516 to emulate the TMS 2100 series microcomputers. 


The System Evaluator (SE 2100), together with the stored program in EPROM, the O-output PROM, 
oscillator elements, input and output interface and the on-board voltage regulation make up the System 
Evaluation Board. The following sections will present each of the board components in greater detail. 


Table B-1. System Evaluation Board, SEB 2100 


CHARACTERISTICS 


Microcomputer Simulated TMS 2100 TMS 2370 


Maximum R Lines of 


Corresponding Device 


O-Output Lines 


O-Output PROM 748288 


SE 2100 SYSTEM EVALUATOR 


The SE 2100 System Evaluator contains the on-chip random access memory, utilizes the standard instruc- 
tion set, and with external memory ts functionally identical to the TMS 2100 series. 


The SE 2100 used on the System Evaluation Board utilizes a dedicated parallel instruction address port 
to select an instruction word from the external program memory, a TMS 2516 or TMS 2716. The instruc- 
tion word is then transferred into the system evaluator through an 8-bit parallel input port, 10 through 17. 
An SN74S288 PROM provides O-output code conversion of the five O-outputs from the SE 2100. The 
four K inputs, four J inputs, and the 15 R outputs of the System Evaluator are functionally identical to 
the respective TMS 2100 series inputs and outputs. 


Table B-2 presents the SE 2100 pin assignments and describes the function of each pin. 
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Table B-2. SE 2100 Pin Assignments and Pin Functions 


SIGNATURE PIN, 1/O DESCRIPTION 
RO 4 1/O 
R14 5 1/O 
RO through R32 are bidirectional. 
R2 6 1/0 
R3 7 1/O SE 2100 
R4 8 OUT PIN ASSIGNMENTS 
R5 9 OUT 1 
R6 10 OUT : 
R7 11 OUT 4 
R8 Te OUT 5 
R4 through R14 are the outputs of 
RQ pe OUT 6 
the R-register. + 
R10 14 OUT 
8 OSC OUT 
R11 12 OUT 9 OBC IN 
R12 16 OUT Vop 
R13 rt OUT 4 08 
R14 18 OUT _ 
K1 45 IN These are the data input lines, with K1 
K2 44 IN and J1 being the least significant bit. 
K4 43 IN 
K8 42 IN 
J1 49 IN 
J2 48 IN 
J4/A1 47 IN 
A1 and A2 are analog inputs. 
J8/A2 46 IN 
O1 | a4 OUT These are the data outputs of the 
O2 SZ OUT O-register, with O1 being the least 
O4 52 OUT significant bit and OSL being the 
O8 54 OUT output of the status latch. 
OSL 50 OUT 
VppD 55 Power supply input. 
Vss 1 Power supply input. 
AVpDpD 3 IN Analog negative voltage reference. 
AVss 2 IN Analog positive voltage reference. 
IN UT 41 IN INIT is used for initialization, during power-on or for hardware reset. 
OSCIN 56 IN 
OSCIN and OSCOUT are shorted together to operate the internal oscillator. See section 2.3. 
OsScCouUT 57 IN 
PA1 38 OUT PA1 through PA8 are the ROM page address outputs, with PA8 being the most significant bit. 
PA2 37 OUT 
PA4 36 OUT 
PA8 35 OUT 
PCO 32 OUT PCO through PCS5 are the ROM program counter outputs, with PCO being the most significant bit. 
PC ae OUT 
Pid 30 OUT 
PCS 29 OUT 
PC4 28 OUT 


PCS 27 OUT 


CA 


10 
11 


Table B-2. SE 2100 Pin Assignments and Pin Functions (Continued) 


SIGNATURE | PIN | 
34 


19 
20 


“y 


21 
22 
23 
24 
25 
26 


40 
39 


59 
58 


61 
60 


62 


63 


64 


OUT 


IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 


DESCRIPTION 
CA is the ROM chapter address output. 


10 through |7 are the external memory instruction inputs, with 10 being the most significant bit. 


DS1 and DS2 select the frequency divider 
options (pass, 1/2, 1/10, 1/20). 


ND1 and ND2 select the noise debounce options 
(1, 16, 32 instruction cycles). 


D1 and @D2 select the decrementer clock divider options 
(1/32, 1/128, 1/256, 1/1024). 


Input level interface option (zero cross or TTL). 
Interrupt. 


Event counter. 
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